Abstract: Landscape modification and habitat fragmentation are key drivers of global species and biodiversity loss, as well as a major threat to the conservation of forest ecosystems. Mexico is one of the five biologically richest countries in the world. This study first generated a national level assessment Transitions between forest fragmentation classes were relatively small compared to transitions to no-forest land covers, and transitions to higher fragmentation classes were slightly larger in tropical than in temperate forests.
Introduction
Landscape modification and habitat (including forests) fragmentation are key drivers of global species and biodiversity loss, and are believed to negatively affect virtually all taxonomic groups of animals and plants, as well as key ecosystem components and functions of temperate and tropical forests for long periods of time [1] [2] [3] [4] [5] . Studies have shown that more than a century after forests stabilize at some level of fragmentation a deficit still persists in the number of plant species that originally occupied those forests [2] , and that the processes of species colonization of second-growth and fragmented forests may continue for centuries with 100-200-year-old recent forests still having lower species richness of forest herbaceous vegetation than ancient forests [2, [6] [7] [8] . Increase in fragmentation has also been identified as a major threat to the conservation of forest ecosystems and their functions as a whole [9] [10] [11] [12] [13] . For example, it is known that fragmentation and edge effects strongly affect forest microclimate, tree mortality, carbon storage, fauna, flora, and forest structure [12, 13] .
hence temporal changes can be evaluated. The original land use/cover classes contained in these data sets where reclassified as detailed in Appendix A to create two forest classes: temperate and tropical.
The temperate and tropical forest layers were converted to raster format using a cell size of 250 m × 250 m. The cell size was chosen based on the scale of the original data layers (1:250,000), the level of locational certainty of the features in the original layers, and the consideration that, although responses by plants, animals and ecosystem functions to edge effects vary widely, 250 m represents a conservative estimate of the level of penetration of edge effect for many species and processes [12] .
Assessing Forest Fragmentation Levels in 2002, 2008 and 2013 Using the MSPA Method
The Morphological Spatial Pattern Analysis (MSPA) (version 2.3) [44] (http://forest.jrc.ec.europa.eu/download/software/guidos/mspa/) was used to define the levels of fragmentation of the temperate and tropical forest in Mexico for 2002, 2008 and 2013 . This method is easily implemented using the freely available GUIDOS Toolbox (version 2.3) (http://forest.jrc.ec.europa.eu/download/software/guidos/). Major national and international forestry and conservation agencies use this method and toolbox around the world (e.g., http://forest.jrc.ec.europa.eu/partners-and-customers/; United Nations Food and Agriculture Organization; International Union of Forest Research Organizations; United States Forest Service). The MSPA determines forests fragmentation classes based on the geometry and connectivity of the input image as well as user-specified input parameters [45] . The MSPA results in seven basic fragmentation classes [45, 46] : Core, Islet, Loop, Bridge, Perforation, Edge, and Branch. Table 1 presents definitions of each of these fragmentation classes. Figure 1 illustrates the spatial arrangement of these fragmentation classes for a hypothetical location. 
Fragmentation

Class Description
Core Defined as those foreground (i.e., forest) cells surrounded in all sides by foreground cells and a distance from the background (i.e., non-forest) greater than the edge width parameter specified for the MSPA analysis.
Islet
Composed of connected forest cells that do not contain any Core cell.
Perforation
Perforation class is composed of cells that form the transition between forest and non-forest areas for interior regions of forest areas. Imagine a group of forest cells in the shape of a doughnut; the cells forming the inner edge of the doughnut would be classified as Perforation, whereas those forming the outer edge would be classified as Edge. Edge
Composed of forest cells that form the transition between forest and non-forest areas. Bridge
Bridge class is composed of forest cells that connect two or more disjointed areas of Core.
Loop
Loop is composed of forest cells that connect an area of Core to itself.
Branch
Composed of forest cells that extent from an area of Core, but do not connect to another area of Core. The geographic information system ArcGIS 10.2 (ESRI, Redlands, CA, USA) was used to create layers in the input format required to run the MSPA analysis in the GUIDOS toolbox. The raster layers representing temperate and tropical forests in 2002, 2008 and 2013 , were first reclassified to contain a value of one for cells representing non-forest areas (background for the MSPA analysis) and a value of two for cells representing forest areas (foreground for the MSPA analysis). Then these binary raster layers were exported to 8-bit GeoTiff format with no compression for input into the MSPA method in the GUIDOS Toolbox. In the GUIDOS Toolbox, a MSPA batch process was run for the temperate and tropical forests in 2002, 2008, and 2013 . Finally, the cartographic outputs of the MSPA which are in GeoTiff format were converted back to ArcGIS rasters to calculate areas and carry out transition analyses as will explained in the next section.
The parameters for the MSPA runs were set as follows ( [45, 47] for details on the definition and use of each of these parameters): The foreground (forest) cells connectivity was set to eight, meaning that forest cells are considered connected if they touch on the cell side or only on a cell corner. The edge width parameter was set to one cell (250 m). This value was chosen because it represents a conservative estimate of the level of penetration of edge effect for many species and processes [12] . The transition parameter was set to "On", meaning all detected connections are reported. The statistics parameter was set to "On" which creates a text file summarizing the statistics of the results of the MSPA analysis. The intext parameter was first set to "Off" for six runs (two forest types for three dates). Later, intext was set to "On" for the same six runs resulting in a total of 12 runs of the MSPA analysis.
The intext parameter allows for differentiating between internal and external features. Internal features are defined as those being enclosed by cells classified as Perforation (i.e., they are found in gaps in Core areas; see Figure 2 ). When the intext = "On", internal and external features are classified into different fragmentation classes. Internal fragmentation classes are assigned a numeric identifier value that adds 100 to the values identifying each of the basic fragmentation classes (see Figure 2 legend). The purpose of changing the intext parameter from "Off" to "On" was to explore if there are differences in fragmentation levels and the behavior of the fragmentation-class transitions between internal and external forest areas.
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The geographic information system ArcGIS 10.2 (ESRI, Redlands, CA, USA) was used to create layers in the input format required to run the MSPA analysis in the GUIDOS toolbox. The raster layers representing temperate and tropical forests in 2002, 2008 and 2013 , were first reclassified to contain a value of one for cells representing non-forest areas (background for the MSPA analysis) and a value of two for cells representing forest areas (foreground for the MSPA analysis). Then these binary raster layers were exported to 8-bit GeoTiff format with no compression for input into the MSPA method in the GUIDOS Toolbox. In the GUIDOS Toolbox, a MSPA batch process was run for the temperate and tropical forests in 2002, 2008, and 2013 . Finally, the cartographic outputs of the MSPA which are in GeoTiff format were converted back to ArcGIS rasters to calculate areas and carry out transition analyses as will explained in the next section.
The intext parameter allows for differentiating between internal and external features. Internal features are defined as those being enclosed by cells classified as Perforation (i.e., they are found in gaps in Core areas; see Figure 2 ). When the intext = "On", internal and external features are classified into different fragmentation classes. Internal fragmentation classes are assigned a numeric identifier value that adds 100 to the values identifying each of the basic fragmentation classes (see Figure 2 legend). The purpose of changing the intext parameter from "Off" to "On" was to explore if there are differences in fragmentation levels and the behavior of the fragmentation-class transitions between internal and external forest areas. Illustration of the fragmentation classes that are generated when setting the intext parameter to on (value of 1) or off (value of 0) for a hypothetical area and foreground (forest) patches. Cells in grey color represent the background (non-forest) areas. The numbers correspond to the values assigned to each fragmentation class as unique identifiers [47] . Value  Value  external internal  Core  17  117  Islet  9  109  Perforation  5  105  Edge  3  103  Loop  65  165  Bridge  33  133  Branch  1  101  Background  0  100  Missing  129  129 Class Color Figure 2 . Illustration of the fragmentation classes that are generated when setting the intext parameter to on (value of 1) or off (value of 0) for a hypothetical area and foreground (forest) patches. Cells in grey color represent the background (non-forest) areas. The numbers correspond to the values assigned to each fragmentation class as unique identifiers [47] . Classes and between These and Non-Forest during the  2002-2008 and 2008-2013 Periods   The ArcGIS raster layers showing fragmentation classes resulting from the MSPA method were  used to analyze the transitions between fragmentation classes, and between these and non-forest,  during the 2002-2008 and 2008-2013 periods for both tropical and temperate forests. First, the transitions between fragmentation classes generated without differentiating between internal and external classes (intext = "Off") were analyzed. Then the transitions between fragmentation classes when differentiating between internal and external classes (intext = "On") were analyzed.
Analyzing Transitions between Fragmentation Classes and between These and Non-Forest during the 2002-2008 and 2008-2013 Periods
Analyzing Transitions between Fragmentation
The analysis of transitions consisted of the following (here we describe the processes using the case of intext = "Off" for the 2002-2008 period): First, in ArcGIS 1-NoData raster masks were created for each forest fragmentation class from the MSPA results for 2002 (1 = forest fragmentation class x; NoData = everything else). Then, the 2008 forest areas classified into fragmentation classes (see Table 1 ) were clipped using each of the 1-NoData masks created for each of the 2002 forest fragmentation classes. This process extracts the 2008 fragmentation classes (and 2008 non-forest areas) that fall within each of the 2002 fragmentation classes, and hence their areas can be calculated (see results in Table B1 for tropical forests and Table 2 Table C1 for  tropical forests and Table 2 for temperate forests for the 2008-2013 period).
Next, the same procedure previously described for the case of fragmentation classes with intext = "Off" was repeated with the intext parameter set to "On". This results in the generation of internal and external fragmentation classes (see Table D1 for tropical forests and Table 2 for temperate forests for  the 2002-2008 period; and see Table E1 for tropical forests and Table 2 for temperate forests for the  2008-2013 period) .
It is important to note that the previously described procedures do not account for areas that might have transitioned from non-forest (where fragmentation is not assessed) to forests between the dates considered in the study. This would be the case where plantations or natural afforestation have occurred. These areas at the national level are relatively small compared with the transitions from forest to non-forest [48] , or to the areas that remained during the periods analyzed. 
Results
Assessment of Fragmentation Levels in 2002, 2008 and 2013 without Differentiating between Internal and External Classes (intext = "
Off") Figure 3 shows a sample of the cartographic products obtained from the MSPA analysis when setting the intext parameter to "Off" for a zoomed-in area of the tropical forests in 2002. Similar cartographic outputs were generated for both the temperate and tropical forest in 2002, 2008 , and 2013. 
where t1 is the forest area classified into fragmentation class x in date 1 and t2 is the forest area classified into fragmentation class x in subsequent date 2. 
where t 1 is the forest area classified into fragmentation class x in date 1 and t 2 is the forest area classified into fragmentation class x in subsequent date 2. During the 2002-2008 period, the Perforation class had the largest percent change based on the area in that class in 2002 (´14.9%). The Loop class had a 9.5% increase and Core had a 5.5% decrease. The other fragmentation classes experienced small percent changes (most around 1%). In absolute terms, the loss of 904,414 hectares in the total area of temperate forests concentrated on reduction of area in the Core (´862,470 hectares) and Perforation (´90,081 hectares) classes, while Edge and Loop had the largest hectare increases. Overall, these results indicate that the loss of forest area affected mostly contiguous compact areas (Core) and the gaps within them (Perforation), and that the remaining forest areas have more complex shapes (increase in Edge) and more narrow bands of forests that connect Core areas to themselves (Loop).
During From the outset, it can be pointed out that only a very small proportion (around 3%) of the total national forest area (of both tropical and temperate forests) is classified into internal fragmentation classes. This means that at the national level, at the scale of the source data, with the definition of forest types, and with the cell size used for the analyses, the forest areas are relatively compact with proportionally few gaps in Core areas. However, the results in this section for both forest types indicate that based on the areas classified within the same class during the periods analyzed, more percent changes occur in internal fragmentation classes than in external ones (see last columns in Tables 4 and 5 ). These results indicate that proportionally, forests within gaps in external Core areas are changing more than those external to those areas. From the outset, it can be pointed out that only a very small proportion (around 3%) of the total national forest area (of both tropical and temperate forests) is classified into internal fragmentation classes. This means that at the national level, at the scale of the source data, with the definition of forest types, and with the cell size used for the analyses, the forest areas are relatively compact with proportionally few gaps in Core areas. However, the results in this section for both forest types indicate that based on the areas classified within the same class during the periods analyzed, more percent changes occur in internal fragmentation classes than in external ones (see last columns in Tables 4 and 5 ). These results indicate that proportionally, forests within gaps in external Core areas are changing more than those external to those areas. Table 4 shows that of the tropical forests at the national in 2002, a total of 17,428,256 hectares (96.4%) were classified into external fragmentation classes and a total 642,008 hectares (3.5%) were classified into internal fragmentation classes. The numbers for 2008 were a total of 17,301,319 hectares (96.3%) in external classes and a total of 656,589 hectares (3.6%) in internal fragmentation classes; while for 2013 the numbers were a total of 17,735,482 hectares (96.2%) in external and a total of 689,533 hectares (3.7%) in internal fragmentation classes. These results indicate that for the three dates at the national level, a very small proportion (around 3.6%) of the tropical forests are located in gaps in Core areas. They also indicate that there has been a very small increase in gaps in Core areas during the dates studied (3.5% to 3.7% between 2002 and 2013).
More specifically in regard to the external fragmentation classes, for all dates, the largest proportion of the total area of tropical forests at the national level is classified into the External Core class (73.1%, 72.4%, and 72.8% in 2002, 2008 and 2013, respectively), followed by External Edge (around 17%), and External Branch (around 4.2%) for the three dates. The External Loop and External Islet classes have the lowest allocation of areas (around 0.4% each) for the three dates.
In regard to the internal fragmentation classes, for all dates, the largest proportion of the total area of tropical forests at the national level is classified into the Internal Perforation class (around 2.95% for all three dates), followed by Internal Branch (around 0.25% for the three dates). Internal Core and Internal Edge have both an allocation of only around 0.1% of the total national tropical forest area for the three dates studied. These results indicate that there are very few internal patches of forests that are large enough to contain Internal Core areas with their corresponding Internal Edge areas. The very small area classified into the Internal Bridge class (only around 0.07% for the three dates) indicates that there are few connections between Internal Core areas or between these and External Core areas. More common are areas classified into Internal Branch (around 0.24% for the three dates), which are arranged as narrow bands of forests. The areas arranged as small isolated patches in Core perforations (Internal Islet) are practically negligible (0% for the three dates).
When Based on the tropical forest areas classified into each fragmentation class at the beginning of the 2002-2008 period, the following internal classes had the largest percent changes: Internal Bridge (60.9%), Internal Loop (45.5%), Internal Branch (22.3%), and Internal Core (´17.4%). The large percent increase in Internal Bridge suggest that although Internal Core areas were reduced, connectors between Internal Core areas, and between these and External Core areas were left behind, as well as loops connecting Core areas to themselves. For the same period, the external classes that had the largest percent changes were: External Islet (20.1%) as well as External Bridge and External Loop (both around 15%). In absolute terms, the loss of tropical forests area during this period was concentrated in the External Core (´206,280 hectares) and External Edge (´20,775 hectares) classes. All these results mean that during the 2002-2008 period the fragmentation of the tropical forests increased with more percent changes occurring in areas internal to Core forests.
During 2008-2013 period, the percent changes based on the area in each class at the beginning of the period were much smaller than those that during the 2002-2008 period both external and internal classes. Like in the previous period, larger percent changes occurred in the internal classes than in the external ones. Internal Islet (´33.3%), Internal Core (20.4%) and Internal Loop (18.9%) had the largest percent increases based on the areas classified into these classes at the beginning of the period. The largest areal change occurred in the forests classified as External Core (gain of 412,758 hectares) followed by External Branch (16,318 hectares), Internal Perforation (16,869 hectares) and External Bridge (11,031 hectares). These results mean that the fragmentation of the tropical forest decreased during the 2008-2013 period with most of the tropical forest areal gains classified as compacted Core areas, followed by narrow bands of forests, and internal edges of External Core areas (Perforation). Table 5 shows that of the area of temperate forests in 2002, a total of 21,353,861 hectares (96.5%) were classified into external fragmentation classes and a total 772,588 hectares (3.4%) were classified into internal fragmentation classes. The numbers for 2008 were a total of 20,573,434 hectares (96.9%) in external classes and a total of 648,609 hectares (3%) in internal fragmentation classes; while for 2013 the numbers were a total of 20,643,014 hectares (97%) in external and a total of 628,020 hectares (2.9%) in internal fragmentation classes. These results indicate that for the three dates at the national level, a very small proportion (around 3.2%) of the temperate forests at the national level are located in perforations in Core areas. They also point to a very small decrease in perforations in Core areas during the dates studied (3.5% to 2.9% between 2002 and 2013).
Results for the Temperate Forests
More specifically in regard to the external fragmentation classes, for all dates, the largest proportion of the total area of temperate forests at the national level is classified into the External Core class (70.1%, 69.3%, and 69.1% in 2002, 2008 and 2013, respectively), followed by External Edge (around 18.7%), and External Branch (around 5.3%) for the three dates. The External Loop and External Islet classes have the lowest allocation of areas (around 0.5% and 0.6%, respectively) for the three dates.
In regard to the internal fragmentation classes, for all dates, the largest proportion of the total area of temperate forests at the national level is classified into the Internal Perforation class (around 2.5% for all three dates), followed by Internal Branch (around 0.25% for the three dates). Internal Core and Internal Edge have both an allocation of only around 0.1% of the total national temperate forest area for the three dates studied. In summary, the results in this section (differentiating between internal and external classes) indicate that for both types of forests their levels of fragmentation have decreased over time. In addition, for both forest types, the large majority of their areas are classified into the external fragmentation classes, meaning that there are a relatively small number of gaps in Core areas at the national level. For both types of forests, and for the two periods studied, the percent changes based on the area in each class at the beginning of each period are larger in the internal fragmentation classes than in the external classes. This means that proportionally more changes are occurring inside gaps in Core forest areas than outside of them. The forest area losses that occurred during the 2002-2008 period in both temperate and tropical forests concentrated in losses of External Core areas. These losses were not accompanied by increases in areas classified into internal fragmentation classes. These results suggest that the deforestation processes that occurred during the 2002-2008 period predominantly occurred in the external edges of the forests rather than in the form of perforations in Core forest areas. The gains in forest extent that occurred during the 2008-2013 period in both tropical (467,106 hectares) and temperate (48,993 hectares) forests were primarily additions to external classes. However, the increase in tropical forest area was accompanied by an increase in the gaps in Core areas (Internal Perforation class increased by 16,869 hectares; see last columns in Table 4 ), while the increase in temperate forest area was accompanied by a reduction in all the internal fragmentation classes (see last columns in Table 5 ). This means that the areal increases in the temperate forests were more contiguous than in the tropical forests. Table 4 ), while the increase in temperate forest area was accompanied by a reduction in all the internal fragmentation classes (see last columns in Table 5 ). This means that the areal increases in the temperate forests were more contiguous than in the tropical forests. (Table B1) , the percentage of the area classified into each 2002 fragmentation class changing to non-forest by 2008 is much higher than the percent change to another 2008 fragmentation class. The Islet and Branch classes had the highest percent of their 2002 area changing to non-forest (around 26% for both), and Core had the lowest (6.6%). These results coincide with empirical evidence that forests arranged in small isolated patches (Islet) or narrow bands (Branch, Bridge and Loop) are more like to be deforested or to evolve to other fragmentation classes than large compacted Core areas. In absolute terms, the largest transitions of area were from Core and Edge to non-forest (880,081 and 519,288 hectares respectively), followed by Core to Edge (407,163 hectares). These areal changes indicate that the largest areas affected by deforestation processes were contiguous compact forest areas.
Transitions between Fragmentation
From 2008 to 2013 (Table C1) , tropical forests again experienced a higher percent change of the area classified into each 2008 fragmentation class turning into non-forest by 2013 than transitions to other 2013 fragmentation classes. However, we must remember that during this period there was a net gain of 467,106 hectares of tropical forests (see Table 3 ). Islet forests experienced the most percent change to non-forest (10.4% by 2013), followed by Perforation areas (8%), while Core forests saw the least amount (3%). In absolute terms, the largest transitions of area were from Core and Edge to non-forest (397,594 and 129,331 hectares respectively), followed by Core to Edge (132,419 hectares), and a transition in the opposite direction from Edge to Core (130,594 hectares). These results indicate that some areas loss forest mostly in the form of Core and Edge areas, but that forest areal gains concentrated in Core gains. (Table B2) , temperate forests also experienced a higher percent change of the areas classified into each 2002 fragmentation class into non-forest by 2013 than transitions into other 2008 fragmentation classes. The Branch class (15.8%) followed by Loop and Perforation (both around 13%) experienced the most change to non-forest. Again, these results coincide with empirical evidence that narrow bands of forests (Branch and Loop), as well as the borders of the forests (Perforation) are more likely to be deforested than large contiguous Core areas. Interestingly there was a proportionally larger percent change of Perforation to Edge (13%). This suggests that many forest areas encircling perforations in Core areas were broken and the cells that used to be Perforation became Edge. In absolute terms, the largest transitions of area were from Core and Edge to non-forest (768,475 and 469,275 hectares respectively), followed by Core to Edge (417,769 hectares). These areal changes indicate that the largest areas affected by deforestation processes were contiguous compact forest areas.
Results for the Temperate Forests
During the 2008-2013 period (Table C2 ) the temperate forests experienced very little transitions. All the fragmentation classes retained most of their areas by 2013 (around 97%). Even though very small, Islet forests experienced the largest percent change of their area in 2008 to non-forest by 2013 (3%). In absolute terms, the largest transition was from Core and Edge to non-forest (65,900 and 36,356 hectares, respectively), followed by transitions from Edge to Core (32,894 hectares). These results indicate that some areas lost forest mostly in the form of Core and Edge areas, but that forest areal gains (48, 993 hectares at the national level) were concentrated in Core gains. Table D1 shows the results for the tropical forests and Table D2 for the temperate forests during the 2002-2008 period. Similarly, Table E1 presents the results for the tropical forests for the  2008-2013 period and Table E2 presents the results for the temperate forests for the same period. Next we will highlight the results that are particular to the differentiation between internal and external fragmentation classes. (Table D1) , the External Islet forests experienced the most percent change to non-forest (25.8%) and External Core experienced the least (6.6%). For the internal classes, Internal Islet (25.8%) experienced the most percent change to non-forest and Internal Core (13.1%) the least. These results mean that proportionally, Islets (internal and external) are more likely to be deforested, and Core areas the least likely. In terms of retention of areas within the same class by the end of the period, in general external classes retained more of their area with the same fragmentation class than internal classes, for example, External Core (88.5%) and External Edge (67.8%) versus Internal Core (26.9%) and Internal Edge (32.9%). This suggests that in general internal classes changed more to nonforest or other fragmentation classes than external classes. In absolute terms, the largest areal transitions occurred from External Core to non-forest (877,056 hectares) and to External Edge (402,213 hectares), followed by transitions from Internal Perforation to External Core (97,444 hectares) and to External Edge (63,025 hectares). These results suggest that the deforestation that occurred during 2002-2008 affected more heavily contiguous compacted Core areas, with the consequent increase in External Edge. The relative large transitions from the Internal Perforation to other classes (e.g., External Core and External Edge) indicate a closing of gaps in Core areas.
Results for the Tropical Forests
For the 2008-2013 period (Table E1) , internal classes continue to have larger percent transitions to other fragmentation classes or to non-forest than the external classes (see percent of each area that remains the same class by 2013). The largest percent transition to non-forest occurred in the Internal Islet class (44.4%), followed by Internal Edge (12.5%). In absolute terms, the largest areal transitions occurred from External Core to non-forest (396,275 hectares) and to External Edge (128,988 hectares), followed by External Edge to External Core (126,831 hectares). These results suggest that the gain in Table D1 shows the results for the tropical forests and Table D2 for the temperate forests during the 2002-2008 period. Similarly, Table E1 presents the results for the tropical forests for the  2008-2013 period and Table E2 presents the results for the temperate forests for the same period. Next we will highlight the results that are particular to the differentiation between internal and external fragmentation classes. (Table D1) , the External Islet forests experienced the most percent change to non-forest (25.8%) and External Core experienced the least (6.6%). For the internal classes, Internal Islet (25.8%) experienced the most percent change to non-forest and Internal Core (13.1%) the least. These results mean that proportionally, Islets (internal and external) are more likely to be deforested, and Core areas the least likely. In terms of retention of areas within the same class by the end of the period, in general external classes retained more of their area with the same fragmentation class than internal classes, for example, External Core (88.5%) and External Edge (67.8%) versus Internal Core (26.9%) and Internal Edge (32.9%). This suggests that in general internal classes changed more to non-forest or other fragmentation classes than external classes. In absolute terms, the largest areal transitions occurred from External Core to non-forest (877,056 hectares) and to External Edge (402,213 hectares), followed by transitions from Internal Perforation to External Core (97,444 hectares) and to External Edge (Table E1) , internal classes continue to have larger percent transitions to other fragmentation classes or to non-forest than the external classes (see percent of each area that remains the same class by 2013). The largest percent transition to non-forest occurred in the Internal Islet class (44.4%), followed by Internal Edge (12.5%). In absolute terms, the largest areal transitions occurred from External Core to non-forest (396,275 hectares) and to External Edge (128,988 hectares), followed by External Edge to External Core (126,831 hectares). These results suggest that the gain in total tropical forest area in 2008-2013 (approximately 467,000 hectares) was distributed among fragmented classes more than in Core or Edge classes, or that they fell outside the area covered by each of the fragmentation classes created for the tropical forest cover reported for 2008. (Table D2) , both the internal and external fragmentation classes transitioned in larger proportion to non-forest than to other fragmentation classes. In general the internal fragmentation classes experienced larger percent transitions than the external classes. Internal Islet (38.7%) and Internal Bridge (28.1%) had the largest percent transitions to non-forest, followed by Internal Edge, and Internal Branch (all around 25%). The lowest percent transition to non-forest was in External Core areas (4.9%). These results mean that proportionally, internal fragmented classes are more likely to be deforested than External Core areas. In terms of retention of areas within the same class by the end of the period, in general external classes retained more of their area with the same fragmentation class than internal classes. For example, External Core (91.1%) versus Internal Core (43.3%). This suggests that in general internal classes changed more to non-forest or other fragmentation classes than external classes. In absolute terms, the largest areal transitions occurred from External Core (764,700 hectares) and from External Edge (462,263 hectares) to non-forest. These results suggest that the deforestation that occurred during 2002-2008 affected more heavily contiguous compacted Core areas.
Results for the Temperate Forests
For the 2008-2013 period (Table E2) , the percent transitions of external and internal classes were smaller and more similar to each other than their equivalents during the 2002-2008 period (see percent of each area that remains the same class by 2013). The largest percent transition to non-forest occurred in the Internal Islet class (10.2%). The rest of the external and internal classes had much smaller percent transitions to non-forest (most around 1%). In absolute terms, the largest areal transitions occurred from External Core (65,838 hectares) and from External Edge (36,306 hectares) to non-forest. These results suggest the gain in 2008-2013 in total temperate forest area (approximately 49,000 hectares) was distributed among fragmented classes more than in External Core or Edge classes, or that they fell outside the area covered by each of the fragmentation classes created for the temperate forest cover in 2008.
Discussion
In regards to the first objective of our study (the assessment of the level of fragmentation of the forests), the following major points can be made. The temperate forests are slightly more fragmented than the tropical forests, and the level of fragmentation in both types of forests have decreased from the first to the second time period analyzed. Although there is more total area of temperate than tropical forests, a lower proportion of the temperate forests are in the Core class across all dates compared to their equivalents for the tropical forests. Additionally, across all dates, temperate forests contain a higher percent of their total area in the fragmented classes (Branch, Bridge, Loop, and Islet) than the tropical forests. Across all dates, a slightly larger percent of the total area of the temperate forest is classified as Edge compared with their equivalents for the tropical forests. This suggests that at the national level, the temperate forest patches have more complex shapes than the tropical forest patches. One factor that might be contributing to this finding is the way we defined tropical forests. In this forest type we included the tropical forest secondary growth in arboreal stage. In tropical forests with rapid successional stages, perforations in Core areas and changes at the edge of the forests are more likely to be rapidly filled or smoothed out by secondary growth.
These results support the findings from a previous national-level study of the fragmentation of the forests that applied the same definition of tropical and temperate forests, but used different land cover data sets, dates, and fragmentation assessment methodology [36] . However, our findings differ from the results of other forest fragmentation studies in Mexico carried out at the national level, but that used different groupings of forest types [34] , or studies that have concentrated on more specific tropical forest types at different geographic scales [49] [50] [51] . These studies report that more specific types of tropical forests (e.g., tropical evergreen forests) have high levels of fragmentation [34] . This difference emphasizes the complexity in assessing forest fragmentation since it is context and species dependent and the need for methodologies and tools that facilitate the rapid generation of comparable fragmentation estimates that are easy to replicate for different forest types, dates, and geographic scales.
The exploration of the informational value of differentiating between internal and external fragmentation classes (intext = "On") resulted in the finding that, proportionally, internal forest areas are experiencing more transitions to non-forest or other fragmentation classes than external forest areas. This finding supports empirical evidence and reports that land use allocations are stabilizing, and that changes on the external edges of the forests are not as prevalent as they used to be during the times when the agricultural and cattle ranching frontiers were expanding into the edges of the forest areas [52, 53] . However, this outcome must be considered in the context that only a very small proportion (around 3%) of the total tropical and temperate forest areas were classified into internal fragmentation classes for the three dates analyzed. This small proportion is in part due to the scale of the original data sets (1:250,000), the generalization effects created when grouping several forest types into the broader tropical and temperate forest classes used in this study, and the cell size used in the analyses (250 mˆ250 m). Under these conditions, small perforations and fine details in the internal edges of the forest areas are difficult to detect and report in the source data sets used in this study. Future studies conducted over smaller geographical areas and/or at higher resolutions would be able to support or refute the existence of differences in transition rates between internal and external fragmentation classes.
In regard to the second goal of our study, when analyzing the transitions between fragmentation classes and between fragmentation classes and non-forest during the 2002-2008 and 2008-2013 periods, clear trends were identified. For both periods and forest types analyzed, the percent change from any of the fragmentation classes to non-forest is high compared to the change from one fragmentation class to another fragmentation class. The islet fragmentation class (internal and external) is the most vulnerable to transition to non-forest, followed by classes that represent elongated narrow forest areas (i.e., Branch, Bridge, and Loop), while core forests are consistently the least likely to change to non-forest. This is to be expected, as smaller isolated forest patches, as well as elongated narrow forest patches, are more likely to change to other land uses than forests that are farther from edges and span large compacted areas (i.e., Core class). Generally, the Edge class shows less of a tendency to change to non-forest than the elongated forest patches. Another evident trend is that transitions from forest to non-forest are decreasing over time across both temperate and tropical forests. The percent of each fragmentation class that changed to non-forest is much higher from 2002-2008 than it is from 2008-2013. During the 2002-2008 period, five to 26% of each fragmentation class changed to non-forest, while from 2008-2013 about 0% to 10%of each fragmentation class changed to non-forest. This reduction in the loss of forests and natural areas in general has also been reported in previous studies at the national and regional levels [48, 54, 55] . Two processes that might help explain this trend are: First, some areas of the country have reached maturity in terms of land use/cover allocations. For example, easily accessible forest areas suitable for agriculture have already been converted to this use for some time. Second, several studies report a growing trend in Mexico whereby farmers are abandoning low-productivity agricultural/cattle-ranching activities due to migration to urban centers putting less pressure on converting forests to anthropogenic land uses [48, 52, [56] [57] [58] .
Differences in fragmentation of tropical and temperate forests are also evident across both periods analyzed. Overall, tropical forests are more likely to transition to non-forest than temperate forests. Tropical forests from 2002-2008 changed from a minimum of seven percent to a maximum of 26% to non-forest, while temperate forests from 2002-2008 changed a minimum of 5% to a maximum of 16% to non-forest (see Tables B1 and B2) . Similarly, from 2008-2013, tropical forests changed between 3% and 10% to non-forest, while temperate forests changed between 0% and 3% (see Tables C1 and C2 ). This information reinforces empirical knowledge and results of studies stating that tropical forests, more than temperate forests, are in closer proximity to population centers and anthropogenic land uses, and they face larger risks of deforestation [35, 54] .
When analyzing the transitions between fragmentation classes, it is evident that there is more change from 2002-2008 than there is from 2008-2013. Across all fragmentation classes, higher percentages of the forest areas classified within a fragmentation class remained within the same fragmentation class from 2008-2013 than from 2002-2008. Core forests consistently changed the least in both tropical and temperate forests during both periods. This result is to be expected as these forests are buffered from edge effects and represent large compacted forest areas.
We used the national level land use/cover data sets that are the most recent, authoritative, comparable, and with the highest levels of quality control published to date by the Mexican federal government [41] [42] [43] . However, when considering the results and discussion presented above, the following potential sources of uncertainty should be kept in mind: First, there could be errors in the land use/cover classifications between the Series III, IV and V. These data sets have been reviewed and homogenized recently, and hence the likelihood of these errors has been reduced. The original land use/cover data sets are at a scale of 1:250,000. At this scale, small forest areas are difficult to detect and the reporting of the shape of the forest area borders is not extremely accurate. Second, the generalization effects introduced by using a 250 mˆ250 m cell size may decrease the amount of detail defining the edges of forests. Third, there is a generalization effect when grouping more detailed forest cover classes into the broader tropical and temperate forests types used in this study. This could indirectly contribute to losing detail on the shape of the forest area borders. Finally, we acknowledge the difference in length between the 2002-2008 period (six years) and 2008-2013 period (five years). However, this difference is nominal as the INEGI's Series III, IV and V were created using inputs (e.g., satellite images) collected over a period of time around the official date of publication [41] [42] [43] 59 ]. While we acknowledge these possible sources of uncertainty, it is important to note that none by itself or in combination is large enough to change the clear trends identified at the national level in the results of this study.
Conclusions and Recommendations
The fragmentation of the forests influences ecological processes, the provisions of goods and services, and impacts the sustainability of the remaining forest areas in Mexico. Therefore, assessments and monitoring of the level of fragmentation of the forests should be incorporated into national forest inventories and forest ecosystems health reports. This information can enhance the prioritization and targeting of conservation efforts and management interventions in the remaining forests in the country.
The most appropriate use of the results of our study is to support strategic-level, national-scale, monitoring and decision-making processes because of the scale of the source land use/cover data sets we used, the aggregation we did of the specific forest types into the broader tropical and temperate forest types, and the resolution at which we carried out the fragmentation analyses. The results presented were generated using the latest authoritative national-level land cover data sets, as well as fragmentation analysis methodology sanctioned and used by multiple forest agencies. They form a quantitative baseline (in tabular and cartographic form) to support the systematic monitoring of the levels and evolution of the fragmentation of the forest in Mexico. and Islet) are more likely to transition to non-forest; tropical forests fragmentation classes are more likely to transition to non-forest than fragmentation classes in the temperate forests; and proportionally, more transitions are occurring in internal fragmentation classes than in external ones. The reduction in transitions between fragmentation classes, and between these and non-forest, observed from the first to the second period points to an increased stabilization of the shape of forest patches and extent of the tropical and temperate forest covers at the national level.
Future studies can use (yet-to-be-developed) higher resolution, larger scale, land cover data sets, and/or concentrate on smaller geographic areas or more specific forest types to compare and integrate their results with the findings in this study. We suggest the consistent use of a fragmentation analysis methodology across multiple scales and forest types to facilitate comparisons and multi-scale integration.
Using the MSPA to identify forest fragmentation levels has several advantages. It is conceptually simple to understand by diverse stakeholders, and computationally easy to implement using freely available software; these features facilitate the periodical replication of fragmentation assessments at the national level, as well as at smaller geographical areas. The MSPA method produces cartographic products that allow the exploration of the spatial relationships of forest fragmentation over time, as well as the analysis of the potential relationships between fragmentation patterns to environmental (e.g., topography) or anthropogenic factors (e.g., adjacency or distance to agricultural areas). The MSPA results provide scientists, managers and the general public a visual representation of the forest fragmentation that they can explore and relate to their empirical knowledge and on-the-ground experiences in the forests. Finally, the MSPA output assigns unique identifiers to each fragmentation class, which facilitates further analysis, such as the cross-referencing of fragmentation classes between dates as it was done in this study.
This study does not differentiate between natural and anthropogenic causes of forest fragmentation, which is important for conservation purposes. Future studies can use GIS systems to overlay the cartographic results of this study with maps of anthropogenic activities such as urban developments, agricultural uses, and cattle ranching to better understand the driving factors of forest fragmentation in different geographic areas. Additionally, the fragmentation classes can be cross-referenced with socioeconomic data at the county or state level in order to enhance the understanding of the relationships between socioeconomic factors (e.g., poverty levels) and activities (e.g., dominant economic activity) with land use change and forest fragmentation processes, and their impacts on forest ecosystems over time. Lastly, since the beginning of this study, an updated version of the Guidos Toolbox containing the MSPA has been released (Guidos Toolbox 2.3, Revision 1). The newer version incorporates more fragmentation analysis tools that can provide further information such as differentiating between forest areas natural edge interface and an anthropogenic/artificial edge interface. This is valuable information that would enhance the results of this study and contribute to better targeting forest conservation efforts.
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